
 

Ins and Outs of Plants - Part 1, Page 1 
© 2020 Janet Macunovich & Steven Nikkila GardenAtoZ.org 

 Ins and Outs of Plants 
 Part 1: Cells, hormones and plant names 

 
Basics to ponder today, facts to contemplate later: 
Science on the paper, application to our gardens in our Q&A.  
Today, we question you. 

 
Essential and recommended reading: 
Capon, Brian, Botany for Gardeners, Timber Press 
Coombes, A.J., A Dictionary of Plant Names,  

Timber Press 
 
I. Component parts of plant cells  
A. Water-filled “bags” (diagram 1) 

1. Complex components, but 95-98% is water: 
• Protoplasm - living part of the cell, made up  

of nucleus (gene center) and cytoplasm  
(jelly-like, seat of metabolism, enclosed in membrane) 

Whole plant about 95% water. Seed 2% water 
 
• Organelles - suspended in cytoplasm; seat of various functions: many 

same as in plant cells; chromoplasts (color bodies); chloroplasts 
unique to green plants (site of photosynthesis) 

 
• Vacuole - membrane-bound inner sac, water reserves, wastes 
 
• Plasmodesmata - strands of cytoplasm that connect to other cells 

thru cell wall: material exchanges pass this way 
 
• Cell wall - primary wall of cellulose; secondary wall may thicken 

 
2. Marvelous cell wall 

• Selective permeability 
Water molecules are admitted, but solids and dissolved salts 

within cell are generally barred from exit. 
Each cell must absorb oxygen to “burn” foods for energy. 

Oxygen diffuses in from atmosphere or aerated soil. It 
penetrates bark/ wood via pores called lenticels. 

 
• Varying types of covering material(s) 

Suberin in cork prevents water loss from woody tissues. 
Cellulose builds up in strands called microfibrils, provides 

toughness with flexibility 
Lignin is very strong and stiff - woody cells have lignin 
Seed coat is protective armor, keeps water out until living 

conditions are right 
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II. Growth and specialization of cells 
A. Some cells are “simply” programmed to grow in an orderly fashion: 

 
1. Individual cells develop in plant meristem - “places where cells divide” 

Parenchyma - fundamental cells, from which all other cell 
types can develop. Used in tissue culture.  

 
• Apical meristem - growing tip of stem or root. “Apex.” New cells 

made here increase stem or root length. (Diagram 2) 
Lays down new cells and moves on. 
A seed is basically two primed meristems, tip and root. 
Most cells form behind the apical meristem, as they grow 

(mostly, they elongate), they push meristem forward. 
Root meristem is protected by second set of cells it makes - 

the root cap. Sacrificial cells there rupture if meet any 
abrasives; fluids from the breaks lubricate way for root. 

 
• Lateral meristem - cells that can divide but wait; laid 
down by apical meristem in a cylinder within the stem 
or root. When these divide, stem or root becomes 
thicker. (Diagram 3) 

Sprouting seed and some plants (palms, an ex.) have only 
one meristem on a shoot - apical, no lateral. It's chancey 
for the plant if that one meristem gets nipped. New 
growth has to come entirely from base. 

 
• Vascular cambium - a lateral meristem in a woody 
plant 

Cells divide at outside and inside edges of cambium - in two 
directions, as root apical meristem. Cambium cells also 
divide side-to-side to cover increased diameter of 
enlarging stem. Outer cells divide more slowly than those 
on inner side of cambium. 

In herbaceous stem, no cambium but vascular bundles. 
 
• Cork cambium - a lateral meristem in a woody plant; develops as the 

stem ages, becomes woody 
Cork cambium develops outside the outer vascular cambium 

cells. It forms the bark cork; some bark cells are always 
sloughing off, more being made. 

 
2. Individual non-meristem cells grow only by expanding*, mostly in 

length. Most cells laid down by meristem do not ever divide, just grow 
to predetermined size, fulfill their purposes and die. 

*Or thickening, hardening. Up to 98% of cells in tree may be 
dead cells, dead but contributing structure and support, 
conducting water. 



 

Ins and Outs of Plants - Part 1, Page 3 
© 2020 Janet Macunovich & Steven Nikkila GardenAtoZ.org 

B. Perhaps most important - some cells can capture and store energy 
Transparent leaf cells with chloroplasts (chlorophyll bearing) capture 

sunlight, use it to split and re-form molecules. 
Millions of molecules of elementary sugars are formed within 

minutes of light entering a leaf mesophyll. 
Sugar is used directly to build cellulose and starch - the 

plant's building and food units. 
 

III. Food and protection 
A. “Food”  

 
1. The plant's own products from photosynthesis: Sugar, starch, cellulose. 

Move through phloem cells, outside edge of cambium 
Phloem (outside division of cambium) moves food from 

leaves throughout all parts of the plant. No satisfactory 
explanation for how this happens! 

Sieve tubes: Tube shaped cells with “holes” at their 
connecting ends; conduct food throughout the plant. 

This food is the only source of energy in non-
photosynthesizing cells (no light or no chlorophyll). It's 
needed to do everything from move water molecules to 
thicken cell walls, multiply cells in meristems, etc. 

 
2. Sugars and starches: packages of stored energy for later use. 

 
•Cotyledons, seed leaves, are stored starch, fuel seedling until it’s in 

sun. Once in light makes all its own food. 
 

• Simple sugars are all hydrogen, carbon, oxygen. Some secondary 
sugars incorporate phosphorus molecules. Starch is a complex 
chain of sugars, more stable than sugar but still able to be broken 
down for later energy - given oxygen for the reaction. 

Oxygen is essential to break down starches, release the 
stored energy - it's all chemical reaction inside a cell. 

Enzymes make chemical changes possible that would 
otherwise require or generate great heat. 

 
• Cellulose is a simple compound from sugars but is not treated as 

stored energy - not usually broken down later. 
 
• Sugars and starches are building blocks for everything else in the cell 

- thus, everything in the plant. Another 16 elements are used in 
varying amounts during these building processes. 

20 of the 103 naturally occurring elements are used by plants 
- Some in larger quantities (macronutrients). Most used  
      are N, P, K. Nitrogen, phosphorus, potassium. 
- Some in trace amounts (micronutrients). 
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B. Some cells and cell products protect the plant: cutin, tannin, alkaloids 
 
Cutin - cuticle - is produced by and superimposed on 

epidermal cells. It prevents water loss and bars fungal 
spores and mycelium from entering cells. 

 
Tannin is a natural insecticide and fungicide. Accumulates 

within vacuole. Tannin can bind with protein and thus 
inactivate enzymes, disrupting cellular processes and 
causing cells to die. Within the cell vacuole, tannin is 
prevented from disrupting any activities, but if cell is 
broken, tannin is released and can affect cells of invader. 
Tannin in foods accounts for tartness and dryness - that's 
tannins binding salivary proteins together. Tannin breaks 
down during ripening and is replaced with greater 
amounts of sugar. 

 
Alkaloids produced by poppy, barberry, dogbane, amaryllis, 

nightshade, buttercup and pea family are one of the 
substances known as phytotoxins or poisons produced by 
plants, some of which are effective against animals. Some 
phytotoxins kill directly (interfere with breathing, kidney 
function, etc.) Others disrupt life cycles - they mimic 
hormones essential to maturation, reproduction, etc. 

 
Allelopathy means, literally - mutual suffering. It's a 

condition where substances are washed out of leaves, 
twigs, seeds of a plant (in some cases, substances are 
produced in and dissolve out of roots) that are 
germination inhibitors or toxins that limit the growth of 
other plants. 

Allelopathy is only truly effective in dry areas where 
germination-inhibiting chemicals can accumulate in soil. 
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III. Cellular changes and the agents of change - hormones 
A. During the season 

 
1. Breaking dormancy 

 
• Dormancy is not a period of do-nothing, as we once believed. 

Physical and chemical dormancies must be overcome or “time out.” 
Physical barriers to growth such as hard coat on a seed must be 
abraded, soaked, softened with digestive acids, etc. Chemical 
barriers -inhibitors - must finish breaking down. 

 
2. Differentiating into flowering parts rather than leaf and stem, changing 

color: photoperiod, temperature, nutrient levels can all affect 
Photoperiod - day length - is one key that starts flower bud 

formation. There are short day plants and long-day 
plants. (Actually, long-night plants and short-night 
plants. Hours of darkness are the determining factor, but 
effect was originally assigned to amount of light and so 
still called that, measured that way.) 

 
Mums need both cold (cool temperatures during spring, to 

set up stem growth that is capable of flower production) 
and short days of late summer to start flower bud 
formation. Once photo-sensitive plant begins flower 
production, usually doesn't go back to leaf production. 

 
Color pigments are in cell chloroplasts - chloroplasts 

constructed with available nutrients and occurring in 
frequency determined by plant vigor, environmental 
conditions 

 
3. Ripening (fruit) and hardening (vegetative parts) 

Hardening is a cell process, takes time, energy, begins at 
certain cues specific to that plant 

 
Ice crystals within a cell wall may damage or kill it. Cells 

defense, in stems, buds, roots, evergreen leaves, is to 
adjust the cellular solution to increase concentration of 
sugars. It acts like antifreeze to lower the temperature at 
which the solution will freeze. 

 
Some cells allow water to move out of the cell into 

intercellular spaces - there the formation of ice crystals is 
less likely to destroy the cell. 

 
Seeds may be 2% water, plants 95%. Low water volume helps 

the seed survive cold without freeze/rupture. 
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B. Changes over the life of the plant 
 
1. Herbaceous parts can become woody 
 
2. Endangered parts can become antagonistic to threatening pests. 

Latex, resin and some gums have insecticidal, fungicidal and 
even anti-herbivore properties 

 
Phloem cells that are in the area of a wound on a woody 

plant fill/block with callose - otherwise fungi could flow 
through food-conducting phloem - excellent medium for 
fungal growth - throughout the plant. 

 
Wounded, woody plants first form callus (parenchyma cells) 

on the wound edges and surface, then cork develops over 
that. Re: intentional wounds called grafts - if graft “takes” 
the callus differentiates into vascular cambium and cork 
cambium that eventually unites the two cambiums. 

 
3. Cells whose work is completed can be shed or transformed 

Leaf scar sealed with corky material, preventing fungal 
infection and water loss. 

 
Dead wood cells may be loaded with anti-decay materials as 

needed. 
 
4. Dormant cells can become active - meristems laid down but never 

stimulated to grow may be triggered to begin growth. 
 
C. Change in response to outside stimulus 

 
1. Phototropism - moving in response to light 
 
2. Geotropism - moving in response to gravity 
 
3. Thigmotropism - moving in response to touch 

Fitting plants to a site: There are genetically controlled, 
million-year-developing adaptations in every plant to 
specific seasonal changes, soil types, altitude, heat, wind, 
etc. It's not just light and water that are critical. We can 
only guess at what are the critical factors for survival of a 
given species. 
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D. There are five plant growth regulators / hormones known (so far). They 
are agents that trigger change: 
1. Auxin 

• One effect is that the dark side (shadier side) of a stem grows faster, 
so the whole stem “bends” to the light (phototropism). Some 
petiole (leaf stalk) cells react this way, too. Auxin builds up in 
shade, and/or migrates from sunnier cells. Most shade-loving 
plants don't exhibit much if any phototropism. Auxin is produced 
in the apical meristem, moves down the stem; its concentration 
and effect decreases with distance from the meristem. So first and 
nearby buds grow fastest. Synthetic auxin is a rooting compound. 
Auxin can inhibit senescence. 

 
2. Gibberellin 

• Regulates internode length, seed germination, revives plant from 
dormancy (seed or plant). This regulator becomes more active in 
low light intensity, making stems “stretch” - this effect is not seen 
in shade-loving species. 

 
• Known to affect chromosome count in developing plant embryos. 

Triploid and tetraploid (three and four times the normal number of 
chromosomes) plants do occur naturally. Often they are sterile, 
must rely on vegetative reproduction. Tetraploid plants are known 
for especially large flowers and fruits. Many of our cultivated plants 
are polyploid. 

 
3. Cytokinin 

• Inhibits senescence (along with auxin and gibberellin), promotes cell 
division. 

 
4. Ethylene 

• A gas. Promotes thicker stem (this application developed for 
greenhouse growing). Promotes senescence (used to ripen fruit - 
Apple pieces in bag with tomato, ripens tomato more quickly). Can 
initiate flowering in some species. 

 
5. Abscisic acid 

• Promotes senescence 
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From study of five natural hormones, synthetics developed - 
defoliants, disbudders, growth retardants, herbicides. 
2,4-D weedkiller is a synthetic auxin. 

Seed germination often involves a hormone; i.e., overcoming 
chemical dormancy. But length of dormancy and eventual 
growth trigger are linked to the species' native 
environment. Desert plants may need a period of high 
heat and drought before they sprout -  normal summer 
conditions that would occur after a spring bloom in the 
desert. Seed that waits until AFTER heat, has better 
chance of surviving after sprouting - the next winter or 
spring when conditions are more moderate or moist. 
Same thing, different operative condition, for plants 
native to cold-winter regions... 

Seeds that have sprouted inside unripe fruits often 
symptomatic of seed that lacked some element - 
sometimes the element potassium - which acts to inhibit 
too-early germination. 

Apple tree (dormant leaf buds) require 1,000 to 1,400 hours 
of 45°F to overcome dormancy; i.e., break down the 
growth-inhibiting chemicals. Many temperate species 
need the cold, followed by longer days, to break 
dormancy. Tulips need 13-14 weeks at 50°F for flower 
formation - once warmer, leaf and stem development 
takes precedence. 

If auxin is sprayed on flower's stigma (pollen-receptor), but 
pollen is barred from contact, certain species are 
stimulated to form seedless fruit. 

The mere presence of pollen, even though it does not fertilize 
the ovule, can cause fruit production in some instances. A 
hormone in pollen? 

We're still looking for - what makes a plant flower and what 
causes geotropism - movement due to gravity. Also 
wondering what makes some plants thigmotropic - 
growing toward touch, as vining plants do. 

Hormone that initiates flowering is as yet unidentified, may 
simply be a combination of other hormones. Until 
known, this agent or combo is called ‘florigen.” Florigen 
is probably produced in the leaves as they react to plant 
internal clock (age), temperature changes, night length 
etc. Florigen moves from leaves to the apical meristems, 
which then begin forming flower buds rather than leaves. 

Growing toward strongest gravitational pull is positive 
geotropism - roots. Growing away from pull is negative 
geotropism - stems. Growing at an angle away is 
plagiotropism (angle) or diageotropism (perpendicular to 
pull) - some branches and roots. 
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IV. Flowers 
A. It pays to know the parts of a flower and different flower 

arrangements (Diagrams 4 & 5) 
 
B. Primary clue to plant relationships 

1. Taxonomy - classifying plants, primarily by flower structure 
 
• Scientific or botanical name. Often called "Latin name" 

it's not Latin or Greek, just mimics one or combination 
of both languages. Universal names accepted by 
international botanical congresses. 

 
• Genus name written first, capitalized. Plural genera. A group of 

plants within a family that share some significant characteristic(s). 
 
• Species epithet is 2nd word, written in lower case. A particular group 

of plants within a genus that are capable of breeding freely with 
one another.  Members of the same species often but not always 
resemble one another.  (You are the of same species as every other 
person on earth.) 

 
• Cultivar/variety name appears last, if applicable. Written in italics or 

single quotation marks. A type of plant that originated and has 
persisted under cultivation; not necessarily occurring naturally. 
Cultivar (“Cultivated variety”) and variety sometimes used 
interchangeably, controversial. 

 
• Genus name corresponds to a person's last name. Species name 

corresponds to a person's first name.  Cultivar or variety is a 
modifier just as "Junior" or "III" following a person's name. 

Genus species Cultivar 
Juniperus horizontalis ‘Blue Chip' 
Doe john Jr. 
 

• An "x" between the genus and species epithet in a botanical name 
indicates a hybrid between two species; e.g., Astilbe x arendsii. 

 
• There can be big differences between related plants and between 

varieties within the same species: We Homo sapiens are in the 
same genus as Homo erectus, prehistoric man. 

 
2. Common name is a descriptive, traditional or familiar name for a plant. 

• Most plants have numerous common names. The common name you 
use depends on your individual frame of reference and locality. 

 
• The same common name may apply to several different plants. 
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Diagram 1 – Inside a plant cell 
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Diagrams 2&3 - Meristems 
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Diagram 4 – Basic flower parts 

Diagram 5 – Some flower arrangements 


